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ABSTRACT
Introduction Fabry disease is an X-linked lysosomal storage disorder 
caused by α-galactosidase A deficiency. Accumulation of its substrate 
globotriaosylceramide (Gb3) is believed to cause disease complications 
including renal, cardiac and cerebrovascular disease. Males are generally more 
severely affected compared to females, while late-onset cases exhibit limited 
disease. Treatment with α-galactosidase A (enzyme replacement therapy, 
ERT) leads to clearance of accumulated Gb3 and stabilization of disease in 
some patients, but its long term efficacy is unclear. 

Methods Renal function, cardiac mass and cerebral white matter lesions 
were prospectively studied in males and females with Fabry disease treated 
with ERT (ERT cohort). Additionally, the occurrence of major complications, 
defined as major cardiac events, stroke, end-stage renal disease and death in 
the ERT cohort was compared to a symptomatic natural history (NH) cohort. 

Results Of the 75 patients on ERT (median treatment duration 5.2 years, 
range 0.05-11.0), prospective follow-up of at least 6 months was available 
for 57 adult patients (30 males) and 6 adolescents who started ERT during 
childhood. Estimated renal function declined in males (-3.4 ml/min/1.73 m2 

per year, SE 0.2; p<0.001) despite ERT as opposed to females who showed 
a decline in renal function (-0.8 ml/min/1.73 m2 per year, SE 0.3; p= 0.001) 
comparable to healthy individuals. Cardiac mass increased during ERT in 
males (+ 1.2 gram/m2.7, SE 0.3; p<0.001), but remained stable in females 
(-0.3 gram/m2.7 per year, SE 0.4; p=0.52). ERT did not prevent the occurrence 
of cerebral white matter lesions.  In symptomatic patients without a previous 
major complication, including the ERT cohort (n=58) and NH cohort (n=42), 
the odds for developing the first major complication increased with age (OR 
1.05 (95% CI: 1.0-1.1) per year, p= 0.012), and declined with longer treatment 
duration (OR 0.82 (95% CI: 0.68-0.96) per year of ERT, p=0.015) independent 
of gender. In patients with one complication (n=33), the odds of developing a 
second complication in another organ system for males and females was also 
favorably influenced by treatment (OR 0.52 (0.31-0.88), p=0.014). 

Conclusion Long term ERT combined with optimal supportive care does not 
prevent disease progression, but may stabilize disease in some patients. The 
risk of developing a first or second complication declines with increasing 
treatment duration. Treatment with ERT of advanced Fabry disease with 
limited life expectancy seems therefore to be of doubtful benefit. Additional 
studies should focus on higher effectiveness in patients at high risk. 
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INTRODUCTION
Fabry disease is an X-linked lysosomal storage disorder caused by deficiency of 
α-galactosidase A 1;2. This leads to accumulation of glycosphingolipids, mainly 
globotriaosylceramide (Gb3). The accumulation in cells of the arterial wall, kidney 
and heart causes a diverse spectrum of disease manifestations. Both males and 
females can be affected; however, disease is generally milder in females 3-6. Males 
with classical disease manifestations usually have no residual α- galactosidase A 
activity and can present with acroparesthesia, anhydrosis, angiokeratoma during 
childhood followed by renal, cardiac and cerebrovascular complications 7. Early 
death is caused by end stage renal failure, stroke or cardiac complications. Atypical 
cases, with preserved residual enzyme activity, can exhibit a more attenuated 
course, sometimes with involvement of only one organ such as the heart  8;9. 
Females can either be severely affected, present with a more attenuated course 
or remain fully asymptomatic. Within families, disease can vary as well 10;11.  

In 1999, recombinant α-galactosidase A for Fabry disease became available 
in the EU. The European Medicines Agency (EMA) authorized two enzymes in 
2001: agalsidase-alfa (Replagal®, Shire HGT) and agalsidase-beta (Fabrazyme®, 
Genzyme Corp). The number of clinical trials that included a placebo arm was 
limited. Both for agalsidase alfa and agalsidase beta short term randomized 
controlled trials of 6 months and 20 weeks respectively were performed 12;13. 
These trials showed benefit of therapy with respect to clearance of Gb3 from 
vascular endothelium (agalsidase beta) and improvement in pain (agalsidase 
alfa). However, the paucity of data prompted the EMA to approve these products 
under exceptional circumstances, which means that additional data collections 
are needed. Since then several studies on short and long term outcome have 
been published. The only long-term phase IV study with a placebo arm was 
conducted with agalsidase beta. In this trial, a modest reduction in the rate of 
complications in treated patients was shown compared to placebo 14. Proteinuria 
was a predictor of worse outcome, suggesting that a certain degree of organ 
damage impairs clinical outcome. All other long-term studies lack an untreated 
comparator. These are mostly post-marketing studies using drug registry 
data from either the Fabry Outcome Survey (FOS, Shire) or the Fabry Registry 
(Genzyme). The advantage of such post-marketing registries is the relatively large 
amount of included patients, but datasets are frequently incomplete and there is 
considerable variation in the way of assessment 15. From these data, it is therefore 
difficult to extract the long term benefit of enzyme replacement therapy (ERT); 
although it has been consistently shown that decline in renal function may occur, 
especially in patients with pre-existing renal impairment 16-18. Smaller, often single 
center, studies have shown that progression of disease of cardiac and cerebral 
manifestations may occur despite treatment 17-19. It appears as if patients with 
advanced disease benefit less from therapy, but lack of an untreated control group 
hampers a definite conclusion. Since prospectively collected data from untreated 
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Fabry patients after the introduction of ERT in general concern less severely 
affected patients, some studies have compared clinical outcomes to historical 
data. This in turn usually involved patients with a more severe clinical phenotype 
or publications from registries 3;4;20. A comparison of the development of clinical 
complications in equally affected patients before and after the availability of ERT 
has not been performed. This information is vital as the efficacy of ERT should be 
clarified and the rationale for the reimbursement of these costly therapies needs 
underpinning. The first objective of this study was to analyze long-term follow-up 
of ERT treated Fabry disease patients in the Netherlands on renal, cardiac and 
cerebrovascular parameters. The second objective was to compare the time to 
occurrence of major complications in ERT treated patients versus a symptomatic 
natural history cohort.

PATIENTS AND METHODS

Enzyme replacement therapy (ERT) cohort and natural history (NH) 
cohort
The Academic Medical Center is the national referral center for patients with Fabry 
disease. Prospective data were collected from all treated and untreated patients 
with a confirmed diagnosis of Fabry disease through enzyme-activity and DNA 
analysis at our hospital between 1999 and 2010. In addition, historical data were 
collected from all patients for whom a medical record was available. An enzyme 
replacement therapy (ERT) cohort and a natural history (NH) cohort were defined 
(see below). Patients were classified as typical or atypical patients on the basis of 
phenotype, genotype and biochemical data. Previously it was shown that plasma 
lysoGb3 is elevated in classically affected Fabry adults. In patients with R112H and 
P60L substitutions, without a classical phenotype, lysoGb3 is not elevated 21;22. 
Both cohorts mainly consisted of patients with a classical phenotype. A minority 
consisted of patients with the R112H and P60L substitutions and of some recently 
diagnosed patients with intermediate levels of lysoGb3 suspected to have a more 
attenuated course of disease. These patients were called atypical patients.

The cohorts were constructed as follows:
ERT cohort. Prospective data were collected from patients that were treated 

with ERT (n=75). 
Patients were treated either with agalsidase alfa (0.2 mg/kg) or agalsidase 

beta at a dose of 0.2 mg/kg or 1.0 mg/kg. Thirteen patients were treated with 
the 0.2 mg/kg dose agalsidase beta as part of a previous trial 23. Four patients 
continued this regimen. In addition, 21% (16/75) of the patients switched from 
agalsidase beta 0.2 mg/kg/ 2 weeks (n=9) or agalsidase alfa (n=7) to agalsidase 
beta 1.0 mg/kg/ 2 weeks because of treatment failure, as defined in this trial 23. 
Current available data are too limited to draw a definitive conclusion on equality 
or difference in effectiveness between agalsidase alfa and agalsidase beta 23;24. 
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Therefore it seemed a reasonable approach to combine patients treated with 
either agalsidase alfa or agalsidase beta.  

NH cohort. Data were derived from medical records of Fabry patients that 
developed a complication before the initiation of ERT, either during the time 
that ERT was not yet available or before a diagnosis of Fabry was made, as well 
as from Fabry patients that remained untreated after 1999 when ERT became 
available. Only untreated symptomatic patients were included, because inclusion 
of all untreated patients after ERT became available would result in a bias by 
indication: patients with milder disease or no symptoms remain untreated.  In the 
untreated symptomatic patients no ERT was initiated (yet) due to various reasons 
including the personal preference of the patient and intensified treatment criteria 
(i.e. nowadays starting when one symptom is present) during the years.  

The symptomatic stage was defined by the presence of any of the following 
symptoms: chronic kidney disease (CKD 1-5), left ventricular hypertrophy (LVH) 
or cerebral white matter lesions (WML). All of these symptoms are early signs 
of end-organ damage and an indication for ERT according to the Dutch ERT 
treatment guidelines. In addition LVH and CKD are predictors for cardiac and 
renal complications in Fabry disease, and WML for stroke in general 3;6;25-28.  Since 
the association between acroparesthesia and cardiac, renal or cerebrovascular 
complications is not evident, patients with acroparesthesia but without any 
other symptom were not included in the symptomatic group for the analysis of 
complications. Supportive care, which has been intensified over the last 10 years, 
was provided according to local standards: microalbuminuria or proteinuria was 
treated with ACE-inhibitor and/or AT-2 antagonists. In addition, anti-coagulant, 
anti-arrhythmic and pain medication was instituted when required. 

Data collection
Patients were routinely seen at the outpatient-clinic and renal, cardiac and cerebral 
data were collected. Renal function was estimated every three to six months, 
cardiac ultrasound and cerebral MRI were performed yearly. Baseline data for the 
ERT cohort was defined as the data closest to start of ERT: prior to start of therapy 
or with a maximum of 4 weeks thereafter. 

Renal function 
Renal function (eGFR) was estimated using the abbreviated MDRD equation and 
the Schwartz formula in children up to 16 years of age 29;30. Microalbuminuria and 
proteinuria were defined according to international criteria (microalbumin >30 
mg/24 hour urine collection and proteinuria >300 mg/24 hour urine collection 
in two consecutive samples within at least three months) 31. For each patient 
baseline chronic kidney disease stage (CKD) stage was determined according to 
the same international guidelines (American Guidelines of CKD) 31. Hyperfiltration 
was defined as eGFR> 135 ml/min/1.73 m2.
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Left ventricular mass
Left ventricular mass (LVmass) was assessed by cardiac ultrasound.  The formula by 
Devereux  for LVmass indexed for height was used 32. Left ventricular hypertrophy 
in males was defined as LVmass >51 g/m2.7 in males and >48 g/m2.7 in females 33. 
In children the criteria for LVH in children were used 34.

White matter lesions
A cerebral white matter lesion was diagnosed by a neuroradiologist in case of a 
hyperintense white matter lesion of more than 1 mm in diameter on FLAIR- and T2-
weighted MRI images. A simplified scoring system was used to score the presence 
of white matter lesions and whether progression was notified. Progression was 
defined as a new lesion or increase of the volume of a pre-existing lesion. 

Major complications 
Time to the first major complication was evaluated. In addition the time (i.e. age) 
to a second and third major complication in another end-organ was assessed. 
Major complications were defined as stroke (CVA), cardiac complications, 
ESRD and death. The diagnosis of CVA was established by a neurologist. 
Cardiac complications included: onset of atrial fibrillation, onset of any other 
rhythm disturbance needing hospitalization, pacemaker or implantable cardiac 
defibrillator (ICD) implantation, cardiac congestion for which hospital admittance 
was needed, myocardial infarction, percutaneous coronary intervention, or 
coronary artery bypass graft. ESRD was defined as CKD stage 5 (a GFR<15 ml/
min/1.73 m2), dialysis or renal transplantation.

Data analysis
For the analysis of renal function, LVmass and WMLs, only data were used that 
were collected prospectively. For the analysis of data on renal function, LVmass 
and WMLs at least 6 months of follow-up was required for patients on ERT to be 
included. For the analysis of the occurrence of major complications all symptomatic 
patients were included, independent of duration of follow-up. For renal function, 
LVmass and WML, no comparison with untreated patients could be performed, as 
there were few follow-up data of untreated symptomatic patients. For the analysis 
of the occurrence of major complications, data from the NH cohort were compared 
to ERT cohort. The follow-up period for major complications was recorded for 
either cohorts until the data lock (December, 2010) or death. In patients treated 
with Fabrazyme 1.0 mg/kg/ 2 weeks, data lock was in August 2009 or October 
2009 since they were dose reduced or switched after these dates as a result of 
the worldwide Fabrazyme shortage 35. Data on adolescents (18-25 years) who 
initiated ERT (n=6) during childhood (age< 18 years) were analyzed separately to 
evaluate the efficacy of early (i.e. at a young age) ERT intervention.
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Statistical analysis
Means and standard deviations and/or medians with ranges were used to summarize 
continuous variables. Change of renal function and LVmass was assessed using 
repeated measures with random intercepts for each patient. Slopes of decline of 
renal function were calculated per CKD category and and LVmass by presence or 
absence of LVH. Change of eGFR and LVmass were expressed as mean change 
per year and standard error (SE). As part of a subanalysis, the annual change of 
left ventricular mass was calculated and compared to baseline LVmass. For this 
purpose, yearly follow-up time intervals from baseline were defined: follow-up 1 
year ± 3 months, 2 years ± 3 months etc. This annual change was analyzed using 
the Wilcoxon signed rank test. 

Time to a first cerebral white matter lesion or the first additional lesion after 
baseline, and the time to the first, second and third major complication in both the 
NH and the ERT cohort were assessed using Kaplan-Meier curves. Comparison of 
curves was performed using the log-rank test. The contribution of age and gender, 
as known predictors and ERT duration on the development of the first and second 
major complication was determined. Not meeting the assumption of proportional 
hazards in Cox regression, multiple logistic regression was applied. ERT duration 
was calculated for the time up to the first or second event or censoring date. ERT 
duration and age were included as continuous factors (expressed in years), gender 
as a dichotomous one. For comparison of continuous data between independent 
groups the Mann-Whitney U-test was applied, for dichotomous data the Fisher’s 
exact test was used. A p-value of p < 0.05 was considered statistically significant. 
Analyses were performed with SPSS version 17.0. 

RESULTS

Patients
1. Patients for assessment of renal function, WMLs and LVH during ERT. Of the 75 
patients on ERT, 68 adults started ERT above 18 years of age. The other 7 started 
ERT during childhood (age <18 years), six of them adolescents with at least six 
months of follow-up on renal, cardiac and WML outcome (figure 1).  Of the 68 
adults on ERT, data were available for renal function in 57 patients (30 males), for 
LVmass in 53 patients (27 males) and WMLs in 50 patients (25 males). One child 
and eleven adults receiving ERT had less than 6 months follow-up period at the 
time of the data lock, due to: death (n=4), worldwide agalsidase beta shortage 
(n=3), or ERT only recently started (n=5). Three patients in the ERT cohort had a 
R112H or P60L substitution (2 males). In addition 4 males were suspected to have 
a more attenuated course of disease based on their lysoGb3 levels. 

2. Patients for assessment of major complications. In total, 142 patients (58 males) 
with complete medical records were studied, including 26 children. Sixty-seven 
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remained untreated and 75 started ERT. Of the patients that remained untreated, 
the symptomatic stage could not be determined in 7 patients because of 
incomplete assessments, 32 had no symptoms and 28 were symptomatic.  In 
addition, 14 patients had developed a first complication before start of ERT. 

The symptomatic patients (n=28+14) were included in the symptomatic NH 
cohort (n=42, of which 13 atypical patients). For the analysis of the symptomatic 
ERT cohort, only ERT treated patients without a previous complication before start 
of ERT and with symptoms were included (n=58, including 3 atypical patients) 
(Figure 1). Three patients in the ERT cohort only had acroparesthesia and were 
not included in this analysis. 

Figure 1. A.  The flow-chart shows the patients in the ERT cohort for the prospective 

analysis of renal function, left ventricular mass and cerebral white matter lesions. B. The 

flow-chart demonstrates all patients with complete medical records and the cohorts used for 

the analysis of the time to the first complication.

A.

B.

142 patients with complete records 

28 remained 
untreated (NH 
cohort) 

14 developed a 
complication 
before initiation 
of ERT (NH 
cohort) 

58 ERT initiated 
before first 
complication (ERT 
cohort) 

35 no 
symptoms

7 no complete 
assessments

100 symptomatic: 
CKD,LVH or 

75 Fabry patients on ERT 

Follow-up< 6 months due to: death 
(n=4), shortage (n=3), ERT 
recently started (n=5)

63 patients> 6 months of follow-up

57 adults, data on renal 
function (n=57), LVmass 
(n=53) and/or WMLs 
(n=50) 

6 adolescents , data on 
renal function (n=6), 
LVmass (n=6) and WMLs 
(n=6) 

Figure 1. A. The flow-chart shows the patients in the ERT cohort for the prospective analysis 
of renal function, left ventricular mass and cerebral white matter lesions. B. The flow-chart 
demonstrates all patients with complete medical records and the cohorts used for the analysis of 
the time to the first complication.
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For the analysis of the second complication in another end-organ, all patients 
who had a first complication and still alive (n=33), were included in the analysis. 
This group consisted of 6 patients in NH cohort and 27 in the ERT cohort (including 
7 atypical patients).

The analysis on the third complication included all patients, with two 
complications in different end-organs (n=9): 3 from the NH cohort and 6 from the 
ERT cohort (only classic mutations).

1. Renal function, left ventricular mass and cerebral white matter 
lesions in the ERT cohort.
The baseline characteristics of the patients with data on renal function, left 
ventricular mass and/or white matter on long-term follow-up during ERT (n=63) 
are presented in table 1. The median follow-up during ERT treatment, i.e. ERT 
duration in the adults (n=57) was 5.5 (range 0.51-10.0) years. In the adolescents 
the median ERT duration was 4.7 (2.0-6.8) years.

Renal function 
In 57 adults (30 males) on ERT at least two serum creatinine values were available 
6 months apart and renal function was calculated (estimated GFR (eGFR)). 

Table 1. Baseline characteristics of the ERT cohort with more than 6 months of follow-up.

Baseline (prior to ERT)
Males 
ERT

Females 
ERT

Adolescents
ERT

N
Agalsidase alfa
Agalsidase beta

30
 9
21

27
10
17

6 (2M)
4
2

Age start ERT, mean ± SD 
median (range)

38.9 ± 14.3
40.2 (18.0-65.3)

46.8 ± 12.3
47.2 (20.8-71.5)

16.6 ± 0.7
16.6 (15.9-17.7)

ACE-ARB (%) 8 (26.7) 10 (37.0) 0 (0)

Hypertension 8 (26.7) 5 (18.5) 0 (0)

eGFR (ml/min/1.73 m2) 88.5 ± 40.6 86.6 ± 31.3 150.4 ± 42.8

CKD 1-5 (%) 23 (76.7) 21 (77.8) 3 (50)

LVH  (%) 13/23 (50.0) 13/23 (56.5) 0/4 (0)

WML (%) 12/24 (50) 21/27 (77.8) 2/6 (33.3)

Dialysis (%) 0 (0) 0 (0) 0 (0)

Kidney transplant (%) 0 (0) 1 (3.7) 0 (0)

Cardiac complication (%) 4 (13.3) 1 (3.7) 0 (0)

CVA (%) 2 (6.7) 1 (3.7) 0 (0)

LVH: left ventricular hypertrophy. WML: white matter lesions, CKD 1-5: chronic kidney disease 
stage 1-5, CVA: cerebrovascular accident. The presence of LVH or cerebral white matter lesions 
was not known for all patients at baseline.
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Males. Baseline eGFR in males, was 88.5±40.6 ml/min/1.73 m2 and mean 
change was -3.4 (SE 0.2) ml/min/1.73 m2 per year, p<0.001. Twenty males (66.7%) 
also used ACE-inhibitors or ARB during ERT treatment. Decline of renal function 
per subgroup of baseline CKD stage is shown in table 2. Excluding the 5 males 
with hyperfiltration the mean decline in CKD 0 (n=5) was -2.2 (SE 0.4 ) ml/min/1.73 
m2 (p<0.001) and CKD1 (n=7) -3.4 (SE 0.4) ml/min/1.73 m2 (p<0.001).

Females. Baseline eGFR in females, was 86.6±31.3 ml/min/1.73m2 and changed 
with -0.8 (SE 0.3) ml/min/1.73 m2 per year (p= 0.001). Twenty-three females used 
also ACE-inhibitors or ARB (85.2%) during follow-up. Mean change per year 
per CKD stage is presented in table 2. Only one female showed hyperfiltration; 
excluding this female resulted in a comparable eGFR change of (n=5) -0.9 (SE 0.5) 
(p=0.06) in CKD stage 0.

Left ventricular mass
Longitudinal data on LVmass were available in 53 adult patients (27 males, age 
37.1±13.0 years, 26 females, age 46.6±12.3 years). 

Males. In males LVmass increased significantly with 1.2 (SE 0.3) gram/m2.7 per 
year (p<0.001) during a median follow-up of 5.0 (0.5-10.1) years between first and 
last ultrasound. LVH was present in 40.7% (11/27) patients at the first ultrasound 
available. LVmass increased with 1.0 (SE 0.3) g/m2.7 per year in males without LVH 
at the first assessment (p=0.004) and with 1.5 (SE 0.5) g/m2.7 in males with LVH 
at the first ultrasound (p=0.008). In 4 males, baseline LVmass was assessed more 
than six months before start of ERT; excluding these baseline data did not affect 
the conclusions.  Subsequently, the yearly increase of LVmass was investigated 
compared to baseline. Baseline LVmass was available for 21 male subjects. For 11 
males an echo one year after start of ERT was available. LVmass did not change in 

Table 2. Mean change of eGFR during ERT in 30 male and 27 female patients per CKD stage.

CkD stage at start of ERT

Males Females

N
eGFR change 

±SE/year p-value N
eGFR change 

±SE/year p-value

CKD 0 (=GFR> 60, no 
microalbuminuria or proteinuria)

7 -2.5±0.4* <0.001 6 -1.0±0.5* 0.05

CKD1 (=GFR>90, microalb+ ) 10 -4.5±0.4* <0.001 7 -1.3±0.7 0.07

CKD2 (=GFR 60-90, microalb+) 4 -2.1±0.3 <0.001 10 -0.3±0.3 0.25

CKD3 (=GFR30-60) 6 -4.1±0.2 <0.001 3 -1.4±0.5 0.015

CKD4(=GFR 15-30) 3 -2.0±0.2 <0.001 1 -3.5±0.3 -

CKD5 (=GFR<15) 0 0

M=male, F=female. * eGFR change without hyperfiltration (GFR>135 ml/min/1.73 m2) in males: 
CKD 0 (5M): -2.2±0.4 ml/min/1.73 m2 (p<0.001), CKD 1 (7M) -3.4 ml/min/1.73 m2 (p<0.001) and 
in females: CKD 0 (6F): 0.9±0.5 (p=0.06).
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the first four years of ERT compared to baseline (p=0.28). After five years of ERT 
and more, the increase was significant compared to baseline (+9.5 ± 11.5 g/m2.7, 
n=11, p=0.016).  However, differences in response in the first year were observed: 
in 7 males LVmass showed a decrease, while in 4 males LVmass did not respond 
(remained stable or increased). These differences were not explained by type of 
ERT, dosage, the presence of antibodies, a history of hypertension or age at start 
of ERT, but were predicted by CKD stage. In the males without a response, all had 
CKD stage 3 or higher, while males who responded the first year had CKD ≤2, with 
the exception of one male with CKD stage 3 (4/4 versus 6/7, p=0.015).  

Females. In females, LVmass changed with -0.3 (SE 0.4) gram/m2.7 per year 
(p=0.52) during a median follow-up of 5.0 (range 1.1- 8.0) years between first 
and last cardiac echo. LVH was present in 50% at the first ultrasound available. 
In females without LVH at the first ultrasound, mean change was -0.3±0.5 g/m2.7 

per year (p=0.61). In females with LVH at the first ultrasound LVmass change was 
-0.4±0.6 g/m2.7 (p=0.48).

Similarly to the males, individual differences in response were noted. Thirteen 
females showed a decline during follow-up, while 13 females remained stable or 
had a gradual increase. However, these differences could neither be explained by 
CKD stage, nor by the presence of hypertension, age at start of ERT, type of ERT 
or dosage.

White matter lesions
At least one or more follow-up MRIs were performed in 50 patients, 25 males 
(mean age 37.3±12.9 years) and 25 females (mean age 46.6±12.8 years).

Males. Of the males with a baseline MRI 11/20 already had WML before the 
initiation of ERT. During follow-up, twelve (48%) developed (new) white matter 
lesions. The median ERT treatment duration at the time of a new white matter 
lesion or time to follow-up was 3.1 (0.9-8.1) years. The time to development 
of white matter lesions was not statistically different in the group with baseline 
white matter lesions compared to the group without white matter lesions on 
baseline (p=0.44). The age of the males without white matter lesions on baseline 
was significantly lower than in the males with white matter lesions at baseline 
(p=0.006).

Females. Of the females, in total, 20/25 (80%) had white matter lesions before 
ERT. Seven of 25 (28%) developed (new) white matter lesions during and 4.0 
(1.0-6.1) years in females. The time to appearance of white matter lesions was not 
statistically different in the group with or without baseline white matter lesions 
(p=0.77).

The adolescent cohort.
Six adolescents (2 males), started ERT before adulthood and had at least 6 months 
of follow-up. The indication for therapy was acroparesthesia, microalbuminuria 
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and a WML matter lesion (n=1), acroparesthesia and microalbuminuria (n=2), 
microalbuminuria (n=2) and WML (n=1). Median age at start of ERT was 16.6 
(range 15.9-17.7) years. Median follow-up during ERT was 4.7 (range 2.0-6.8) years. 
During follow-up mean decline of eGFR was -7.3±1.0 ml/min/1.73 m2 (p<0.001). 
Four adolescents showed hyperfiltration at baseline. One female and one male 
developed white matter lesions during follow-up; one female with a previous 
white matter lesion developed an asymptomatic lacunar infarction. None of these 
patients had LVH at baseline. LVmass remained stable during follow-up with an 
annual change of 0.04±0.5 g/m2.7 (p=0.93). No major complications developed. Of 
notice, two of the patients reported to be enzyme therapy incompliant (estimated 
percentage of missed infusions 20%).

2. Major complications: development of ESRD, a cardiac 
complication, CVA, or death.
Baseline-characteristics of the symptomatic NH (n=42) and ERT cohort (n=58) 
at the time of presentation of symptoms in the AMC were compared. The use 
of ACE-ARB was comparable for both cohorts at first presentation, but in the 
ERT cohort, more patients used ACE-inhibitors /ARBs during follow-up 16 (38 %) 
versus 40 (69%), p=0.002).  The proportion of atypical patients differed in both 
cohorts 13 (31%) in the NH cohort versus 3 (5%) in the ERT cohort, p=0.001).  The 
proportion of males (21 (50%) in the NH cohort versus 27 (47%) in the ERT cohort, 
p=0.74), less affected patients,  defined as one symptom only 16 (38 %) in the 
NH cohort versus 30 (52%) in the ERT cohort, p=0.58) and more severely affected 
patients, defined as two or more symptoms or presenting with a complication 
26 (62%) in the NH cohort versus 26  (45%) in the ERT cohort, p=0.58) were 
comparable. 

As expected, the more severely affected patients were significantly older at 
presentation than the patients with one symptom only (p<0.001).

A first complication occurred in 34 patients (22 males, 12 females) (figure 2). 
Nineteen patients received no ERT at the time of the first complication. These 
included a cardiac event (9 males/4 females), ESRD (1 female) and stroke (3 
males/2 females); fifteen patients on ERT with a median treatment duration of 
3.2 (range 0.7-7.6) years developed a major complication, including a cardiac 
event (4 males/3 females), ESRD (3 male/1 female), stroke (2 males/1 female) 
and death (1 male). There was no difference in the time to the first complication 
between the NH cohort and ERT cohort (p=0.69). Leaving the atypical patients 
out of the analysis, no difference was observed (p=0.28).  Age, gender and ERT 
duration including all symptomatic patients (NH and ERT cohort) all significantly 
contributed to the prediction of a first complication in both the NH and ERT 
cohort (table 3, figure 2). The odds for developing the first major complication 
increased with age (OR 1.05 (95% CI: 1.0-1.1) per year, p= 0.012), and declined 
with longer treatment duration (OR 0.82 (95% CI: 0.68-0.96) per year of ERT, 
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Figure 2. Developing a first complication.  
The curves show the percentage without a first complication during follow-up. The small vertical lines represent 

censored data (follow-up till the vertical line without development of a complication). A. The time to the first 

complication is depicted for the NH cohort and the ERT cohort . B. The time to the first complication is shown 

based on the median ERT duration for the ERT cohort only: patients receiving ERT more than 4.2 years 

(13M/16F, age at start of ERT 40.1 (15.9-71.5) years) or less than 4.2 years (14M/15F, age at start of ERT 41.2 

(15.2-60.5 years)). Of note, in the analysis ERT duration was included as a continuous variable. 
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Table 3. Multiple logistic regression analysis for the development of a first complication on 
gender, age and ERT duration as predictors in symptomatic patients and the development of a 
second complication on gender, age and ERT duration as predictors in a group of patients with 
a previous complication.

First complication Second complication

Odds ratio (95% CI) 1 p-value Odds ratio (95% CI) 2 p-value

Age 1.05 (1.0-1.1) 0.012 1.02 (0.93-1.1) 0.75

Gender (male) 4.45 (1.6-12.1) 0.003 2.8 (0.40-19.6) 0.30

ERT duration in years 0.82 (0.68-0.96) 0.015 0.52 (0.31-0.88) 0.014

The odds ratio represents the additional risk of developing a complication per year increase of 
age and per each year of ERT treatment. 
1. Intercept = e-3.024 2. Intercept = e-0.326

Figure 2. Developing a first complication. The curves show the percentage without a first 
complication during follow-up. The small vertical lines represent censored data (follow-up till 
the vertical line without development of a complication). A. The time to the first complication is 
depicted for the NH cohort and the ERT cohort . B. The time to the first complication is shown 
based on the median ERT duration for the ERT cohort only: patients receiving ERT more than 
4.2 years (13M/16F, age at start of ERT 40.1 (15.9-71.5) years) or less than 4.2 years (14M/15F, 
age at start of ERT 41.2 (15.2-60.5 years)). Of note, in the analysis ERT duration was included as 
a continuous variable.
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p=0.015) independent of gender. Exclusion of the atypical patients revealed a 
more beneficial effect of ERT duration (OR 0.71, (95% CI: 0.58- 0.87), p=0.001) 
(table 3). 

In total, 33 patients who had a first complication and were alive, were included 
in the analysis for the development of a second complication related to another 
organ (or death). Twenty-seven patients received ERT for a median treatment 
duration of 2.3 years (0.1-8.5) years up to the second complication or follow-
up. Fourteen patients developed a second complication. In the NH cohort, 5/6 
patients developed a second complication, including a cardiac event (1 male), 
ESRD (1 female), stroke (1 female) and death (1 male/1 female). In the ERT cohort, 
9/27 patients had a second complication; a cardiac event (2 males/1 female), 
ESRD (1 male), stroke (2 males) or died (3 males). There was no difference in the 
rate of development of a second complication between the NH group and ERT 
group (p=0.72). ERT duration (but not gender and age) appeared to contribute 
significantly to the prediction of a second complication (table 3). The odds ratio 
without age and gender in the analysis resulted in a similar value, but with a 
higher statistical significance (0.53 (95% CI: 0.34-0.85), p=0.008). Excluding the 
atypical patients (n=7), did not alter the conclusions. Of the nine patients who 
were still alive after the second complication, four developed a third complication 
in a third organ or died, all within 6 years; two with and two without treatment. 
The number of patients was too limited for further analysis. 

DISCUSSION
This study shows that enzyme replacement therapy with either agalsidase alfa or 
agalsidase beta has limited effectiveness on the course of eGFR, cardiac mass 
and development of white matter lesions. In addition, no difference could be 
established in the occurrence of major complications in symptomatic males and 
females treated with ERT compared to untreated symptomatic patients with Fabry 
disease. However, increased treatment duration reduced the odds of developing 
a first and second major complication in another organ. This means that in 
general, prolonged treatment may delay the occurrence of complications. This is 
in line with the study by Banikazemi et al, a placebo-controlled trial conducted on 
clinical events with a mean follow-up of 18 months 14. The major clinical endpoint 
was similar to the current study: the development of a stroke, a cardiac event, a 
renal event, or death. When corrected for baseline proteinuria, the hazard ratio for 
developing the composite endpoint seemed lower in the ERT cohort compared 
to the placebo group (HR 0.47 (95% CI: 0.21-1.03), p=0.06). In that study, patients 
were included with advanced Fabry disease. In contrast, in our study both patients 
with early symptoms as well as those with more severe disease were included. 
Despite the inclusion of milder affected patients, complications could not be 
prevented. 
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A limitation of our study is that we also used retrospective data. The controls 
were selected from the era before treatment was available, before a diagnosis of 
Fabry was made and consisted of symptomatic patients who remained untreated 
after ERT became available. Only those patients with symptoms were included, 
which is in line with the selection of patients who did receive treatment with ERT. 
This way, patients had a comparable baseline disease state. Nevertheless, it is 
possible that there has been an underestimation of disease progression in the 
NH cohort, since perhaps not all complications were recorded as rigorously as for 
the patients who were followed after treatment became available. Secondly, the 
inclusion of more atypical patients in the symptomatic NH study cohort could also 
have underestimated the efficacy of ERT. Indeed, repeating the analysis without 
these milder affected untreated patients revealed a more beneficial effect of ERT 
duration. The effect of ERT however might also be overestimated, as patients 
included in the ERT cohort received better supportive care by more strict control 
of blood pressure and proteinuria, mainly through the use of antihypertensive 
drugs, ACE/ARB medication, statins and anti-platelet drugs. 

Another criticism might be that we combined the data on agalsidase alfa 
and agalsidase beta. Currently, the controversy whether the drugs are equally 
effective, is unsolved. We have shown in the past that agalsidase alfa and 
agalsidase beta led to an identical rate of complications when given at equal dose 
23. Preliminary results from the Canadian Fabry Disease Initiative Study indicate 
that there is no difference in outcome at registered dose (agalsidase alfa at 0.2 
mg/kg versus agalsidase beta at 1.0 mg/kg), although we found differences in 
biochemical response 35. The groups in the current analysis are too small to make 
any meaningful analysis of the effectiveness of agalsidase alfa versus agalsidase 
beta with respect to the rate of occurrence of complications. Therefore, we 
decided to combine the two treatment cohorts. 

Despite these limitations the most important conclusion that can be drawn 
from this study is that in general, long term outcome studies so far have been 
more positive.

In general long term outcome studies have been more positive so far. 
Although it has gradually become clear that disease manifestations are usually not 
reversible, interpretation of data frequently emphasizes the lack of progression or 
delay in progression as important benefits. For example, in the study by Mehta 
et al, it was concluded that long term ERT with agalsidase alfa led to substantial 
and sustained benefits. The data indicated, however, that there was a decline in 
renal function despite therapy and no change in left ventricular mass. Although it 
was suggested that the deterioration could be slowed down by ERT, evidence for 
this is weak as the historic controls from the literature could not be compared for 
baseline severity. Similarly, in 58 patients, mainly males, treated with agalsidase 
beta for 4.5 years, a positive outcome was reported with stabilization of renal 
function but patients with a more rapid decline were left out of the analysis 17. Over 
the last years, smaller, uncontrolled cohort studies have increasingly reported on 
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progression of disease despite treatment in patients with more advanced renal or 
cardiac disease, especially in patients with decreased renal function and cardiac 
fibrosis. A better outcome in less affected patients has been shown 36;19;17. A 
recent study on five years evaluation of ERT in 151 males treated with agalsidase 
beta, demonstrated a decline in renal function in the vast majority of patients, 
predicted by (persistent) proteinuria, low baseline renal function and older age 37. 

Of interest is whether males and females respond differently to ERT. In our 
study females had a stable renal function which resembled the healthy population 
38. Also, cardiac mass remained stable in females, while an increase was shown in 
the male patients. This is in line with previous registry studies on either agalsidase 
alfa or agalsidase beta, showing a more favorable course in females as compared 
to males 37;39. In males, however, the degree of kidney failure adversely affects 
cardiac response as CKD in general is known to contribute to the development of 
increased LVmass, independent of blood pressure 40;41. Indeed in the current study, 
no response or progression of LVmass was primarily seen in patients with advanced 
renal disease. Previous studies reported the presence of fibrosis as an explanatory 
factor for unresponsiveness to ERT 19;42;43. In our cohort, insufficient cardiac MRI 
data were available to assess this. White matter lesions developed in both males 
and females despite therapy and both in patients with and without baseline white 
matter lesions. White matter lesions increase with age in the general population as 
well as in Fabry 22. Whether the extent (lesion load) of the white matter lesions is 
favorably influenced by treatment was not analyzed in this study. 

If ERT cannot prevent disease progression in severely affected patients 
and if longer treatment duration is associated with a slowing down in the rate 
of complications, it is tempting to assume that early therapy is most effective. 
However, the results of a robust analysis of early treatment in minimally affected 
patients, especially classically affected boys, is still awaited (trial number 
NCT00701415, http://www.clinicaltrials.gov ).  In the small group of 6 adolescents 
that started ERT during childhood in the current study, it was shown that eGFR 
declined (-7.3±1.0 ml/min/1.73m2), but as four patients showed hyperfiltration, 
this could indicate a normalization of renal function. Furthermore LVmass remained 
stable but development of white matter lesions occurred despite treatment. We 
hypothesize that even in early symptomatic patients disease progression cannot 
be completely halted, but may be slowed down. 

In conclusion, long term ERT combined with optimal supportive case does not 
prevent disease progression, but longer treatment duration may lower the risk 
of developing additional major complications. As the risk of developing a first or 
second complication declines with increasing treatment duration, no beneficial 
effect of ERT in the short term is expected. Therefore treatment with ERT of 
advanced Fabry disease seems to be of little benefit. Studies are needed that 
confirm that early and pre-symptomatic, intervention in patients at high risk of 
complications prevents disease progression.
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